Membrane fouling is considered a serious obstacle for operation and cost efficiency in wastewater treatment using nanofiltration (NF). However, pretreatment is the most practical way to reduce this prior to NF. In this research, two types of wastewaters were pretreated with different methods prior to NF to examine the effect of pretreatment on membrane fouling in terms of turbidity, chemical oxygen demand (COD) and permeate flux. Turbidity and COD were measured to assess solid foulants and organic species in the wastewater, respectively. The first sample was secondary treated sewage, which was pretreated using coagulation-flocculation-sedimentation (CFS) only. Steady flux was increased from 24 L/m 2 h for wastewater without pretreatment to 32.1 L/m 2 h with pretreatment. COD was also eliminated after CFS/NF, and turbidity was reduced to 0.6 NTU. The second sample was diluted biodiesel wastewater, which was pretreated using a combination of powdered-activated carbon (PAC) adsorption and CFS (PAC/CFS). Steady flux was increased from 22.3 L/m 2 h for wastewater without pretreatment to 28.7 L/m 2 h with pretreatment; biodiesel wastewater quality also improved. Turbidity was reduced from 12 to 0.6 NTU, and COD was reduced from 526 to 4 mg/L after NF with PAC/CFS pretreatment, while COD was reduced from 526 to 95 mg/L using NF without pretreatment.
INTRODUCTION
As a result of high increases in population growth coupled with limited water resources, water demand for domestic and industrial purposes is constantly increasing. Meeting these needs has become a challenging issue worldwide (Hashlamon et al. ) . Unfortunately, most of the fresh water resources are already widely exploited, so people tend to treat wastewater and reuse it to meet these demands. The emergence of nanofiltration (NF) membranes shows there is interest in membrane technology as a potentially cost effective way for the treatment of water and wastewater (Choi et al. ) .
NF has proven to be an effective method for removing a variety of contaminants in desalination and advanced water and wastewater treatment. Recent developments in membrane technology have resulted in the production of better and more economical membranes (Agenson & Urase ) . NF has been gaining attraction as an effective polishing step in water treatment technology with pore sizes of 2-5 nm.
NF has favorable characteristics when compared with ultrafiltration (UF) and reverse osmosis (RO), producing higher permeate flux than RO and allows better rejection of smaller and charged molecules than UF (Listiarini et al. ) .
However, membrane fouling remains the main obstacle for efficient membrane operation. Fouling phenomena can significantly decrease membrane efficiency as fouling leads to several harmful effects including flux decline, possible lower permeate quality and membrane degradation (Agenson & Urase ) .
High operation costs arise from the consequences of membrane fouling, e.g., high energy consumption, frequent cleaning and membrane life-time reduction (Hilal et al. ) . Therefore, the removal of foulants before the membrane process in a pretreatment stage has become a necessary part of any membrane operation (Kabsch-Korbutowicz et al. ). Whereby, pretreatment will ensure that feed water will not cause excessive fouling in the membrane (Shon et al. ) . Furthermore, pretreatment will prevent the flux decline and will minimize the need for frequent cleaning (Agenson & Urase ).
The most practical way to reduce fouling is to pretreat wastewater prior to NF. The main objectives of the pretreatment are: (i) to improve the quality of feed water to the system; (ii) to increase the performance of the membrane; and (iii) to improve the opportunities for reusing and recycling stated that pretreatment using flocculation, MF, and UF were significantly effective to control NF flux decline, but ozonation and adsorption were less effective. On the contrary, Lee & Lee () showed that pretreatment using adsorption was effective in improving NF flux decline, and in addition that UF was also effective, but ozonation was ineffective to control NF flux decline. The main challenge in avoiding membrane fouling is the selection of the best pretreatment method or combined methods based on wastewater characteristics.
The aim of this study was to investigate the suitability of using coagulation-flocculation-sedimentation (CFS) and powdered-activated carbon (PAC)/CFS to pretreat secondary treated sewage wastewater and diluted biodiesel wastewater, respectively, prior to NF. This investigation was conducted in terms of turbidity, as it represents the solid foulants (Park et al. ) , chemical oxygen demand (COD), as it represents the organic foulants (Kim et al. ) , and finally the flux decline.
MATERIALS AND METHODS

Materials
Two samples of wastewater were used in this research. The first sample was secondary treated sewage wastewater obtained from the Indah Water Konsortium treatment plant in Cyberjaya, Selangor, Malaysia. The other sample was diluted biodiesel wastewater, which was collected from a biodiesel plant located at Carey Island, Selangor, Malaysia. The characteristics of the used wastewater are shown in Tables 1   and 2 . Flat sheet membrane type NF1 was used in this study, and its properties are listed in Table 3 .
Analytical methods
The turbidity was measured using a LaMotte turbidity meter.
COD analysis was conducted according to the reactor digestion method; samples were placed in a DR/2010 spectrophotometer to measure the value of COD according to the DR/2010 spectrophotometer procedures manual.
Jar test
A stock solution of alum was prepared prior to the jar test experiment. 10 g of alum was dissolved in 1,000 mL of distilled water. Each mL of the stock solution is equal to 10 mg/L (ppm) of coagulant when added to 1,000 mL of water. For the jar test experiment, the following procedures were carried out for secondary treated sewage wastewater.
Each test jar was filled with 500 mL of sample measured with a graduated cylinder. 20-70 ppm with a 10 ppm increment of alum stock solution was added to each beaker and the pH was adjusted to around 6.7. The stirrer speed was set on 295 rpm (flash mixing). After 1.5 minutes, the mixing speed was reduced to 25 rpm for 5 minutes (floc mix).
After this time period, the stirrer was turned off and flocs were allowed to settle for 1 h. Samples were then withdrawn from the beakers for further analysis.
For biodiesel wastewater, different operating conditions were applied due to the high content of COD. 50-300 ppm with 50 ppm increments of alum stock solution was added to each beaker. Solution pH was adjusted to around 6. The stirrer speed was set on 240 rpm (flash mixing).
After 1 minute, the mixing speed was reduced to 40 rpm for 20 minutes (floc mix). After this time period, the stirrer was turned off and flocs were allowed to settle for 1 h.
Batch adsorption tests
PAC was subjected to three-times distilled water washing to remove ash. It was then filtered by a 0.45 μm membrane and dried in the oven. Adsorption experiments were conducted as following; different dosages of PAC (50-450 mg/L, with 50 mg/l increments) were added to the wastewater, followed by a rapid mix for 3 h and settling for 2 h.
Flux decline experiment
The flux decline experiment was carried out according to , and Δt is the filtration time (h). () have proved that (CFS) as pretreatment prior to NF has improved desalination of oil sands process-affected water. CFS was able to reduce turbidity from 71.6 to 7.2 NTU (90% removal), which enhanced NF filtration.
CFS pretreatment
Aluminum sulfate (alum) was chosen as our coagulant because of its high solids removal efficiency and considerable . Therefore, the recommended dosage of alum is 60 ppm at pH ¼ 6.7. CFS was also able to reduce COD from 50 to 10 mg/L (80%) at 60 ppm of alum and pH ¼ 6.7.
Pretreated wastewater with COD ¼ 10 mg/L and turbidity ¼ 1.2 NTU was then fed to NF.
Flux decline study
Natural organic matter (NOM) is usually considered to be the major factor which causes the fouling of an NF membrane, but colloidal particles such as silt, clay, and algae also result in serious NF fouling (Lee & Lee ) . Reducing NF fouling can be achieved by pretreatment of the raw wastewater prior to NF as stated in the earlier section.
This research showed that CFS was able to reduce turbidity from 12 to 1.2 NTU and COD from 50 to 10 mg/L. This reduction helped to improve the flux as shown in Figure 3 . A combination of CFS/NF has achieved good wastewater quality. COD was eliminated totally, while the final turbidity value was 0.6 NTU. Overall NF results with and without pretreatment are shown in Table 4 . In this case, the optimum dosage of coagulant was selected based on the lowest supernatant COD, not turbidity, because turbidity is already very low (turbidity ¼ 2.5 NTU). Figure 7 shows that increasing the alum dosage, starting from 50 ppm to 150 ppm, will increase the COD removal with optimum COD removal of 58.7% (COD ¼ 64 mg/L) at 150 ppm of alum, then COD removal decreased slightly at 200 to 300 ppm of alum. So the recommended dosage of alum is 150 ppm at pH ¼ 6. CFS showed reasonable turbidity removal of 32% (turbidity ¼ 1.7 NTU) at 60 ppm of alum and pH ¼ 6, because the initial value of the turbidity was very small (turbidity ¼ 2.5 NTU).
The effluent from PAC/CFS with COD ¼ 64 mg/L and turbidity ¼ 1.7 NTU was then fed to the NF membrane system.
Organic matter is generally regarded as a major reason for NF fouling (Lee & Lee ) . Fouling is often a weakness A combination of (PAC/CFS)/NF has achieved good wastewater quality; COD was reduced to 4 mg/L, while the final turbidity value was 0.6 NTU. Overall NF results with and without pretreatment are shown in Table 5 . 
